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ABSTRACT
This research is purposed to increase computer function into a time driven to support
real time system. This purposed would the processor can work according to
determined time variable and can work optimally in a certained deadline. The first
approachment to design some of processor that has a different bit space 64, 32, 16
and 8 bits. Each processor will be separated by selector/arbiter priority of a task. In
addition, the design of the above processors are designed as a counter with varying
levels of accuracy (variable precision computing). The selection is also done by
using statistical control in the task are observed by the appearance of controller
mounted on the front of the architecture bit space the second approach above. The
last approach to ‘add’ certainty in the form of interval arithmetic precision cutting
task that can be the upper bound and lower bound of the area (bounds).
These four approachment can be structured orthogonally into a processor/several
processors by introducing a new classifier that serves as a selector or a task arbiter.
The results of the four approaches to prove that the processor is prepared by
incorporating a variable bitspace adder selectors can provide optimality of 0.43%.
Keywords: time driven, selector, variable precision computing, interval arithmetic.
1. INTRODUCTION
A system which drafted to improve reliability to rapid change (eg, changes in
environmental conditions) that should give the right answers at the right time
(timing correctness). In general, the concept is known as real time systems.
Accuracy or delay of answers influences diverse characters that appear in the results
of a computational process. Timeliness of an out answer affected by a range of
response time is different for each system, depending on the demands of the
environment in which the system works, and the process varies from a very short
time span to that long one. The delay time of a system (or subsystem) to produce the
right answers potentially raises the risk that threatens the success of other systems.
[1-2].
Various approaches have been tested to meet the deadline on the real-time
calculation system. This diversity can be divided into two groups: the software
group, for example, the level of the operating system that focuses on developing
systems Rate monotonic scheduling, (Lehoeczky et al., 1989), Non-preemptive,
(Jeffay et al., 1991; Parks, Lee, 1995), Earliest Deadline First (EDF), Stankovic et
al., (1998), Increase Reward Service (IRIS), Dey et al., (1993), Imprecise
computation, Liu et al., (1991) and the level of the hardware group that seeks
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through the processor clock speed or by enlarging the size of the granulation
operation with k-bit, Real time arithmetic Units, Mora-Mora et al., (2006).
A simple review on the two groups approach to software and hardware above do
not provide the ultimate solution is real-time system, although it has been developed
back in the new scheduling techniques and computing hardware architecture.
In addition, a clock accelerated processor aims to build a system that does fast
calculations performed with the effort to minimize the average value of the deadline
for a number of task in a process [3]. This is different from the purpose of the
construction real-time system which seeks to meet the deadline of each task.
However, the most important thing from a real-time system is predictability, not the
speed that has a meaning very relative. Each quick calculation will greatly assist in
the fulfillment of short business deadline, but a quick calculation predictability alone
cannot guarantee an exact-time system.
In fact, a real-time systems work correctly only if there are no timing failures.
However, a timing failure will occur in varying amounts of time when the system is
experiencing overloaded conditions (due to changes in environmental conditions) so
that the system must be reset the task, a task that must be done to respond to these
changes, although the real-time system with overload conditions cannot be avoided.
Degree of accuracy is also determined by the limited time available to achieve a
real-time system. Therefore, the required limit or range of calculated results can
provide answers in a decision-making process. Determination of the accuracy of the
results of arithmetic calculations generally cannot be performed before the execution
of the calculation is completed. The calculations may become vulnerable as a result
of failure if the time available is not sufficient. If combined, timing and accuracy can
determined degrees of precision of an operation such as arithmetic operations.
In addition to some things (timing, accuracy and precision) required timing
selection, accuracy and precision be an interesting thing to be set for the system 'still'
meet to real-time-ness. Interestingly, until now, there is no mechanism that can play
the selector function represented by the hardware or software assigned to it. Every
selection would consider the parameters of time, accuracy and precision so that the
real-time system achieves its target [1].
2. SYSTEM REQUIREMENTS
The content of arithmetic adder structured on a model designed to be placed in
each variable bitspace is built in stages in Figure 1 [4].
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FIGURE 1. Block model of variable bitspace adder [4]
All arithmetic adder functions are built on a MatLab R12a software tool in the
granulation choice of 4, 8, 16, 32, and 64 bits and each will be associated with a
selector that is placed at the front arithmetic architecture.
This selector also functions as a bitspace selector (granulation unit terms) aims to
better ensure the timely achievement of a new computing paradigm for a particular
arithmetic computational process.
3. SELECTOR FUNCTION
Selector function as a regulator of the use of resources, in this case the variable
bitspaces adder precision of 4, 8, 16, 32, and 64 bits in accordance with the type and
size of the incoming task. This is a little different from the bus arbiter arbitration
which sets resources on the same bit width, such as 32-bit or 64-bit only.
In addition to the task set selector type, incoming bits width is adjusted to the task
before processing in variable bitspace adder. By using this component, the expected
time of execution of a task or series of tasks can be predicted faster in real-time.
In addition to the task selector has the function of selecting a variable bitspace,
also designed selector accuracy of which are built in functions to obtain a value
adder arithmetic accuracy despite the computing process has not been completed as
a whole.
4. DESIGN ARCHITECTURE
The design of the variable bitspace adder that nested built from LUT FPGA
totaling 16 blocks with granulation bit width k = 4 with the initial assumption that
the width of the 64 bit operand. Each LUT contains 2 pieces of full adder (FA)
which will perform the sum functions with the result of the upper limit and lower
limit, as shown in the block diagram in Figure 2.
FIGURE 2. Block diagram of computational arithmetic adder variable bitspace
The difference in the computational calculations is primarily aimed at achieving
the optimality of the time by installing a selector which functions as a sorting task or
without selector.
The value of the accuracy-between can be a substitute accuracy when time
constraints are not achieved or time restrictions by programmers who can be counted
by (1) the following equation approach. Assuming that the maximum accuracy
depends on the results of computing the value of the upper limit is currently
underway computing. Accuracy-between is the accuracy of which is the width of the
range between the upper limit value and lower limit value.
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(1)
The unit arithmetic of variable bitspace adder are designed with the following criteria,
they can :
1. Can choose bitspace accordance with the bit width of task which will perform the
computing process;
2. Can provide certainty when it generates a time-answer with an accuracy that
could determine the level of its optimality;
3. Able to provide results-answer pair, in the form of an upper value and a lower
value;
4. Able to produce answers with high accuracy since the beginning of the process of
execution.
Realization of Figure 2, has been poured into the pattern of the arithmetic
computing unit variable bitspace adder is designed with a width of 8 block and the
bits of k = 4, shown in Figure 3.
FIGURE 3. The pattern of 8 block computing of variable bitspace adder
The block of variable bitspace arithmetic adder in Figure 3 contains a decoder
circuit, selector, k-operators, multiplexers and variable precision computing pattern.
Each circuit serves to realize the the purpose of achieving the time optimality of
variable precision accuracy if the minimum has been reached.
5. TESTING OF ARCHITECTURE DESIGN
The stages of testing and analysis of results of tests performed for each variable
bitspace adder architectures (8 bit and 16 bit) that has been designed orthogonal.
The test results of arithmetic unit variable bitspace adder that will be reviewed in
this paper only architectural patterns 8 bit and 16 bit are the result of the integration
of the concept of some of the methods applied by means of simulation tools MatLab
R12a. From the simulation results of this unit will look for optimal accuracy values
at a desired time (time driven).
The following will be given a snippet of test results variable bitspace adder/sub
on operand 8 bits of random data and a graph accuracy values obtained.
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The test results of variable bitspace adder arithmetic unit is the result of the
integration of the concept of multiple methods through simulation released by
MatLab simulator R12a. These test results (Figure 4) in the form of value upper
limit and lower limit, maximum deviation, error and accuracy.
The testing of 8 bit single-operand (stand alone) with the amount of test data for
76.800 (equivalent to 1 layer (R or G or B) in the first frame), resulting in the
achievement of high accuracy in the first cycle, which on average amounted to
89.09% (Table 1) with a value of error of 8% (the difference between the first cycle
upper limit – lower limit first cycle).
FIGURE 4. The resulting plot accuracy value in the variable bitspace adder/sub 8-bit single-operand,
k = 4
The next test in the same bitspace but uses data that is multi-operand, as shown in
Figure 5.
In testing the 8-bit multi-operand (8,16,32,64) with the amount of test data of
1000 data by the number of trials testing 10 times of the experiment resulted in the
achievement of accuracy in cycles / bit operand 4th of 93.75% with a value of error
of 16:25 %.
From some reference pictures, variable-bitspace architectural design shows that
the accuracy of the results has been through the process of selecting selector /
arbitrator with a wide selection of bitspace by 8 bits.
For bitspace 16, 32 and 64 bit multi input operand by the amount of data and the
same experiment produced accuracy values both between and achievement of the
desired level of accuracy as a programmer like in Figure 5.
Referring to Table 1. The testing on 100 single operand of random data, have
shown that the accuracy of the results have been very high in the first cycle in the
granulation k = 4 with an average value of 88.92%.
Value of accuracy in the first cycle of this MSB technique, when compared with
the use of LSB technique that still exist in today's modern computer, has a difference
of accuracy of 81.86%.
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This value is derived from the difference in accuracy values in the first cycle of
each technique, in which the technique of large LSB accuracy at the first cycle
average on random data 100 by 7.05%.
TABLE 1.
Average accuracy value of variable-bitspace adder/sub 8-bit single operand
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All the results in Table 1, the testing method MSB when compared with the
methods of calculation and testing LSB proved extremely significant difference, as
shown in Figure 4 and in Figure 5.
FIGURE 5. Plotting the results on the value of the variable bitspace accuracy adder/sub 8-bit multi-
operand
The test results of real data (image 8 bits) with testing using random data,
generated in the form of value upper limit and lower limit, maximum deviation,
error and accuracy. The following will be given a snippet of test results bitspace
variable adder/sub on operand 8 bit image data containing noise, as well as a graph
accuracy values obtained. The test results are displayed in graphical user interface
(GUI) in order to further facilitate the analysis of changes in the form of pictures and
graphs generated.
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FIGURE 6. GUI variable bitspace k = 4 multioperand adder in 8 bit image data
In testing using real data in the form of 8-bit image above to produce accuracy is
also high on the first cycle, which is an average of 88.90% for 1 frame (R or G or B)
with a size of rows and columns each 10.
TABLE 2.
The simulation results on testing the accuracy of the average variable bitspace adder/sub 8-
bit multi-operand.
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Referring to Table 2, the test at 1000 random data on variables bitspace adder
multi-operand with 100 attempts, has shown that the accuracy of the results have
been very high in the first cycle in the granulation k = 4 with an average value of
89.35%. The first cycle accuracy value at this MSB technique when compared with
the use of LSB technique that still exist in today's modern computer, has a difference
of accuracy of 82.54%. This figure is derived from the difference in the value of the
accuracy of cycle / first step of each technique, in which the technique of large LSB
accuracy at an average first cycle in a random data in 1000 amounted to 6.99%.
Based on Table 1 and Table 2, between variables bitspace adder multi-operand
with single-operand at the same bitspace (8 bit) has the distinction of accuracy, the
accuracy of the variables bitspace adder multi-operand is higher than single-operand,
which is 89.35% and 88.92%.
This has proved that the use of selectors within a variable bitspace adder/sub
architecture can provide improved accuracy of 0.43%.
6. CONCLUSION
Apparently, the placement of the beginning of the task selector variable bitspace
architecture adder/sub guarantee the accuracy of the optimality of time so that
predictability can be determined prior to the completion of the computing process is
completed. The optimal time can be evidenced by the increased accuracy of 0.43%
with proven that more optimal if using selectors and collectors.
7. RESEARCH FUTURE
This paradigm shift has significantly missed and expected more significantly, if
architecture variable bitspace adder will be tested on the data input derived from the
actual environment (weather, medical analysis, data mining)
8. REFERENSI
[1]Sukemi, Ratna AAP., Sudibyo H, “Priority based computation: A Study of
paradigm shift on real time computation,” Computational Intelegence and
Cybernetics (Cyberneticscom), 2012 IEEE International Conference on Digital
Object Identifier, 12-14 Juli 2012, Bali, Indonesia. pp. 129-132, 2012.
[2]Stankovic, J.A., Spuri, M. dan Ramamritham, K., “Deadline cheduling for Real-
Time Systems : EDF and Related Algorithms,” Kluwer Academic Publishers
(Kluwer International Series in Engineering and Computer Science), 1998.
[3]Sukemi, Ratna A.A.P, Sudibyo H, “Variable Bitspace of Variable Precision
Processor,” Journal of Advanced in Information Technology, pp. 65-70, 2014.
[4]Sukemi, Ratna A.A.P, Sudibyo H, “Development of an arithmetic unit bitspace
architecture real-time for optimum performance,” The Book ‘3’ part of
dissertation, examined on Mei 2016, Electrical Departemen, University of
Indonesia, Depok, Indonesia, 2016.
[5]Sukemi, Ratna A.A.P, Sudibyo H, “Variable Bitspace Architecture with Variable
Precision Processor,” The 2013 Annual International Conference on Advances
Sukemi, Riyanto
Priority based computation:
“An Initial study result of paradigm shift on real time computation”
38 ISSN: 2252-4274 (Print)
ISSN: 2252-5459 (Online)
Technology in Telecomunication, Broadcasting, and Satellite (TelSaTech 2013),
2-3 Agustus 2013, Jakarta, Indonesia. Adv. Sci. Lett. 20, pp. 531-533, 2014.
[6]Lehoczky, J., Sha, L. dan Ding, Y., “The Rate Monotonic Scheduling Algorithm:
Exact Characterization And. Average Case Behavior,” Proceedings of Real Time
Systems Symposium, pp. 166-171, 1989.
[7]Parks, T.M. dan  Lee, E.A., “Non-Preemptive Real-Time Scheduling of Dataflow
Systems,” IEEE International Conference on Acoustics, Speech, and Signal
Processing, 1995.
[8]Dey, J.K., Kurose, James, F. dan Towsley, D., “Efficient on-line processor
scheduling for a class of IRIS (increasing reward withincreasing service)
real-time tasks,” Proceedings of the 1993 ACM SIGMETRICS conference on
Measurement and modeling of computer systems, pp. 217-228, 1993.
[9]Liu, J.W.S, Shih, W.K., dan  Lin, K.J., “Imprecise Computations,” Proceedings
of the IEEE. 82 (1), 1991.
[10]Mora-Mora, H., Mora-Pascual, J. dan  Garcia-Chamizo, J.M., “Real-Time
Arithmetic Unit,” Real-Time Systems, 34 , pp. 53-79, 2006.
[11]Kerlooza, Y,K., Gondokaryono, Y,S., and Mulyana, A., “MSB-First Interval-
Bounded Variable-Precision Real Time Arithmatic Unit,” ICT Journal, ITB,
2010.
[12]Jeffay, K., Stanat, D.F., Martel dan C.U., “On Non-Preemptive Scheduling of
Periodic and Sporadic Tasks,” Proceedings of the 12th Real-Time Systems
Symposium, 1991.
[13]wikipedia.org, “time driven programming”, http://en.wikipedia.org/wiki/Time-
driven_programming, 2014.
[14]Jensen ED., Locke CD., Tokuda H., “A-time-driven scheduling model for Real
Time Operating Systems”, IEEE CH2220-2/b5/0000/0112$01.00, 1985.
[15]Nielsen, asger Munk, Kornerup, Peter, “MSB-First Digital serial arithmatic,”
Journal of Universal Computer science, 1(7), 1995.
[16]David J. Kinnement, “Synchronization and Arbitration in Digital System,” John
Wiley., ISBN 978-0470-51082-7, 2007.
[17]Zadeh, Lotfi A, “Fuzzy logic, Neural Network, and softcomputing,”
communication of the ACM, 1994.
[18]Schulte, M.J.. “A Variable-Precision, Interval Arithmetic  Processor,” PhD
thesis University of Texas, 1996.
[19]Hormigo, J., Villalba, J. dan Schulte, M.J., “A Hardware Algorithm for
Variable-Precision Logarithm,” Proceedings of the IEEE International
Conference on Application-Specific Systems, Architectures, and Processors,
2000.
[20]Tinder, R.F., “Engineering Digital Design,” 2. ed. San Diego, USA: Academic
Press. — ISBN: 0-12-691295-5, 2000.
